A facultatively anaerobic, Gram-reaction-positive, catalase-and oxidase-negative, rod-shaped bacterium isolated from an infected human wound caused by a dog bite was characterized by phenotypic and molecular genetic methods. Phylogenetic analysis based on 16S rRNA gene sequences showed that strain IMMIB Q2029717
T was a member of the order Micrococcales of the class Actinobacteria, displaying 91.6 % to 96 % sequence similarity with members of the family Microbacteriaceae. Phylogentic trees generated by different algorithms indicated that the strain forms an independent phylogenetic line of descent that consistently clustered proximal to the base of the genus Leucobacter. Chemical studies revealed the presence of a cell-wall murein based on L-lysine (type B1a), major menaquinone (MK-10) and a DNA G+C content of 56.9 mol%. The distinct phylogenetic position, ribotyping and matrix-assisted laser desorption/ ionization time-of-flight MS profiles and the significant phenotypic differences clearly separate strain IMMIB Q2029717 T from its nearest phylogenetic neighbour and support its classification as a representative of a novel genus and species, with the suggested name Canibacter oris gen. nov., sp. nov. The type strain is IMMIB Q2029717 T (5DSM 27064 T 5CCUG 64069 T ).
Recent studies (Dewhirst et al., 2012; Sturgeon et al., 2013) have shown that the canine oral microbiota, like that of humans, is a highly complex consortium embracing both strictly anaerobic and facultatively anaerobic micro-organisms that differ markedly from those of humans, with only 16.4 % of oral taxa shared by dogs and humans. One of the major groups of organisms reported to be present in canine plaques is the class Actinobacteria. The family Microbacteriaceae is a case in point. Taxa of the genera Leucobacter and Pseudoclavibacter have been identified in the canine oral microbiome (Dewhirst et al., 2012) . In addition, Leifsonia aquatica has been recovered from bite wounds caused by dogs and cats (Abrahamian & Goldstein, 2011) . Furtheremore, Zimmermannella bifida and Leucobacter chromiireducens were identified among taxa cloned from the saliva of tammar wallabies (Chhour et al., 2010) . The family Microbacteriaceae embraces a large group of Grampositive bacteria that are distinguished from all families of the order Actinomycetales by their unusual B group cellwall peptidoglycan and unsaturated respiratory menaquinones (Evtushenko, 2012) .
Dog bites, which transfer canine oral bacteria across the epithelial barrier, are known to cause serious infections in humans. The majority of these infections are purulent wounds without abscess formation (58 %), followed by nonpurulent wounds with cellulitis, lymphangitis or both (30 %) and abscesses (12 %) (Abrahamian & Goldstein, 2011; Talan et al., 1999) . Bite wound infections in humans are often polymicrobial and reflective of the organisms that colonize the oral cavity of the biting animal. In this study we characterized strain IMMIB Q2029717 T , which was isolated from an infected bite wound caused by a dog, using a polyphasic approach. Based on the presented findings, we describe a novel genus and species, Canibacter oris gen. nov., sp. nov.
Strain IMMIB Q-2029717
T was isolated from a swab and the pus collected from an infected wound following a dog bite on the 3rd finger of a 58-year-old Australian female. A portion of the swab and pus specimens were inoculated into Robertson's cooked meat medium (RCM; BBL) and incubated aerobically and anaerobically at 35 u C for 48 h. Since no growth was detected, parts of the inoculated RCM fluid were streaked on Columbia horse blood agar (bioMerieux) and on Chocolate agar (BD), where visible growth occurred. Following isolation, the organism was transferred and maintained on Columbia agar supplemented with 5 % sheep's blood (CSB; BD) at 35 u C. Oxygen requirement was examined by growing the organism under aerobic and anaerobic (GasPak anaerobic system, BBL) conditions and in an atmosphere containing N 2 /CO 2 /H 2 , (83 : 10 : 7, by vol.). Cell morphology was observed using a transmission electron microscope (CM-10, Philips) after negative staining with 1.0 % phosphotungstic acid. Tests to determine the degradation of adenine, casein, elastin, guanine, hypoxanthine, testosterone, tyrosine and xanthine were carried out as previously described by Gordon & Smith (1955) . Other physiological properties were investigated using the API Coryne, API 20Strep and the API ZYM systems according to the manufacturer's instructions (bioMérieux).
Strain IMMIB Q2029717
T grew on CSB agar under aerobic and anaerobic conditions. Colonies were circular, greyishwhite and grew to approximately 1.0 mm in diameter after incubation for 4 days at 35 u C. The cells were rod-shaped and frequently arranged at angles to each other, giving Vand Y-shaped formations (Fig. S1 , available in the online Supplementary Material). The cells stained Gram-positive and were non-motile and non-spore-forming. The organisms were catalase-and oxidase-negative. Strain IMMIB Q2029717
T failed to reduce nitrate to nitrite and was ureasenegative. The indole reaction was negative. The strain was unreactive in the API Coryne and API 20Strep tests. Using the API ZYM kit the organism showed activity for leucine arylamidase and naphthol-AS-BI-phosphohydrolase. Activities for all other enzymes in this system were negative. Antibiotic susceptibility was investigated with the disc method (Bauer et al., 1966) . The isolate was susceptible to ampicillin (2.0 mg), clindamycin (2.0 mg), ciprofloxacin Biomass subjected to chemotaxonomic analyses was obtained by growing the organism in Brain Heart Infusion Broth (BHI Broth) (Cat. Nr. 237200, BD) at 35 u C for 7 days. Previously described procedures were used to analyse the cellular fatty acids (Yassin et al., 2007) , isoprenoid quinones (Yassin & Hupfer, 2006) and phospholipids (Yassin et al., 1993) . The peptidoglycan diamino acid analysis was carried out as described by Schleifer (1985) . The fatty acid profile of strain IMMIB Q2029717
T consisted predominantly of isoand anteiso-methyl branched acids. The quantitative fatty acid data correspond to: i-C14 : 0 (7.2 %), C14 : 0 (0.4 %), i-C 15 : 0 (11.6 %), ai-C 15 : 0 (29.2 %), C15 : 0 (0.9 %), i-C 16 : 0 (25.8 %), C16 : 1v7c (1.3 %) and C16 : 0 (16.7 %). The polar lipids found were phosphatidylglycerol, diphosphatidylglycerol, two unknown phospholipids and glycolipid of unknown structure (Fig. S2) . The predominant respiratory lipoquinones detected were menaquinones MK-9 and MK-10, with the latter being the major component. Analysis of the cell-wall murein showed the presence of B1a murein type based on L-Lysine, {Gly} [L-Lys] D-Glu-Gly-L-Lys; { }5posi-tion 1 of peptide subunit; [ ]5position 3. The amino acids lysine, alanine, glycine and glutamic acid were detected in peptidoglycan hydrolysates (4 M HCl, 100 u C, 16 h) in approximate molar ratios of 0.9 : 0.9 : 0.9 : 1.0. Neither hydroxyglutamic acid nor homoserine were detected. Traces (approx. 10 % of the glutamic acid content) of amino acids that are untypical of peptidoglycan, such as leucine and valine, indicate the presence of minor amounts of contaminating proteins. The partial hydrolysate (4 M HCl, 100 u C, 0.75 h) contained the peptides Gly-D-Glu, L-Lys-D-Ala, DAla-L-Lys, D-Ala-L-Lys-Gly. Dinitrophenylation revealed that lysine represented the N terminus of the interpeptide bridge. Despite discrepancies in the molar amino acid ratio, the analytical data support the view that strain IMMIB Q2029717
T might represent the peptidoglycan type B1 based on L-lysine, Gly [L-Lys] D-Glu-Gly-L-Lys. The DNA G+C content was determined by HPLC as described by Mesbah et al. (1989) and Tamaoka & Komagata (1984) . Nonmethylated phage lambda DNA (Sigma) as well as DNA from the complete sequenced genomes of Xanthomonas campestris pv. campestris DSM 3586 T (65.069 mol% G+C) and Streptomyces violaceoruber DSM 40783 (72.119 mol% G+C) were used as calibration references. The G+C content of the DNA was 56.9 mol%.
Genomic DNA extraction and PCR-mediated amplification of the 16S rRNA gene was carried out using procedures described previously (Rainey et al., 1996) . The purified PCR products were sequenced using a Taq DyeDeoxy Terminator cycle sequencing kit (Applied Biosystems) as described by the manufacturer. The closest relatives of the isolate were determined by performing database searches using the program BLAST (Altschul et al., 1990) . Phylogenetic trees were reconstructed by the neighbour-joining (Saitou & Nei, 1987) and maximumlikelihood (Felsenstein, 1981 ) methods using programs included in the ARB package (Ludwig et al., 2004) . Topologies of the neighbour-joining tree were evaluated using bootstrap analyses based on 500 resamplings (Felsenstein, 1985) . A nearly complete 16S rRNA sequence (1486 nt) of strain IMMIB Q2029717
T was obtained. Preliminary comparison against the 16S rRNA gene sequences in GenBank by BLAST indicated that the strain belonged to the Leucobacter branch of the family Microbacteriaceae. Pairwise sequence comparisons showed that strain IMMIB Q2029717
T displayed highest 16S rRNA gene sequence similarity with validly named species of the genus Leucobacter (95-96 %), whereas it shared lower levels of similarity (approx. 91.6-93.9 %) with other members of the family Microbacteriaceae. On: Sat, 12 Jan 2019 11:39:22 strain IMMIB Q2029717 T formed an independent lineage lying adjacent to the genus Leucobacter (Fig. 1) . The branching pattern was strongly supported (bootstrap value 99 %). Nevertheless, the phylogenetic clustering and the moderate 16S rRNA sequence similarities of strain IMMIB Q2029717
T with members of the genus Leucobacter raised the question of whether this strain should be classified as a species of this genus. The 16S rRNA gene sequence of strain IMMIB Q2029717
T contained several exclusive signature nucleotides, which clearly distinguished it from members of the genus Leucobacter (Table 1) .
In order to substantiate the genetic diversity at the level of the rrn operon, riboprint patterns were generated using an automated RiboPrinter (Qualicon, DuPont) and the restriction enzyme PvuII, as described by Bruce (1996) . The patterns generated were obviously different, confirming that strain IMMIB Q2029717
T is not genomically related to any species of the genus Leucobacter (Fig. S3) .
Noteably, strain IMMIB Q2029717
T displayed very high sequence similarities (up to 99.9 %) with a variety of clones recovered from uncultured organisms in the skin of Homo sapiens (Kong et al., 2012) , subgingival plaque of dog (Dewhirst et al., 2012) and tammar wallaby saliva (Chhour et al., 2010) . This finding suggested that strain IMMIB Q2029717 T belongs to the oral flora of the biting dog and highlights its zoonotic potential. Phylogenetic analyses revealed that these clones and strain IMMIB Q2029717 T formed a coherent phylogenetic cluster (100 % bootstrap value) representing a sister lineage to the Leucobacter lineage (Fig. 1) . It was also evident from the phylogenetic analysis that whilst clones ncd 2016g06c1, ncd 541a04c1 and ZR011 were very closely associated with strain IMMIB Q2029717 T (99.7-99.9 % sequence similarities), the pair of clones ZR144 and 8817-D4-O-10F were moderately related (96.6-96.8 % sequence similarities), and represent adjacent but quite separate lineages (Fig. 1) . Although it is difficult to evaluate the taxonomic rank of strain IMMIB Q2029717 T relative to these uncultured clones, it seems likely that the 16S rRNAs recovered in the same subcluster as the novel organism or in the adjacent group (as exemplified by clones ZR144 and 8817-D4-O-10F), are members of the same genus, but possibly represent different genomic species.
In summary, phylogenetic analysis based on 16S rRNA gene sequences indicated that strain IMMIB Q2029717
T is marginally related to the genus Leucobacter, displaying 4-5 % sequence divergence, but more distantly related to other genera of the family Microbacteriaceae (greater than 6.1 % sequence divergence). Further, the 16S rRNA gene sequence of strain IMMIB Q2029717
T contains several exclusive signature nucleotides, which clearly distinguish the organism from members of the genus Leucobacter (Table 1) . Support for the separation of strain IMMIB Q2029717
T from the genus Leucobacter is also apparent from phenotypic considerations ( Table 2 ). Strain IMMIB Q2029717
T exhibited facultatively anaerobic growth while species of the genus Leucobacter are aerobic. Strain IMMIB Q2029717
T can be distinguished from species of the genus Leucobacter in having a relatively low DNA G+C content of 56.9 mol%, possessing type B1a murein based on Llysine, MK-10 as the major menaquinone and not containing ai-C17 : 0 in its fatty acid profile. By contrast, species of the genus Leucobacter have a significantly higher DNA G+C content of 66.2-69.5 mol%, possess type B2d murein based on 2,4-diaminobutyric acid, contain MK-11 as the major menaquinone and ai-C17 : 0 is present in their fatty acid profiles. Therefore, based on these findings, we propose classifying strain IMMIB Q2029717
T in a novel genus and species, for which the name Canibacter oris gen. nov., sp. nov. is proposed. Canibacter oris (o9ris. L. gen. n. oris of the mouth).
In addition to the properties given in the genus description, the organism has the following properties. Grows aerobically and under anaerobic conditions. Non-haemolytic on sheep blood agar. Catalase-and oxidase-negative. Aesculin, adenine, 
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Canibacter Leucobacter T ), was isolated from the pus from an infected wound following a dog bite on the 3rd finger of a 58-yearold female Australian. The DNA G+C content of the type strain is 56.9 mol%. Takeuchi et al., 1996) ; 3, Leifsonia (Evtushenko et al., 2000) ; 4, Pseudoclavibacter (Manaia et al., 2004) ; 5, Zimmermannella (Lin et al., 2004) . DAB, 2,4-diaminobutyric acid. Canibacter oris gen. nov., sp. nov.
